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All-trans retinoic acid (ATRA)/arsenic trioxide (ATO) combination-
based therapy has benefitted newly diagnosed acute promyelocytic
leukemia (APL) in short-term studies, but the long-term efficacy and
safety remained unclear. From April 2001, we have followed 85
patients administrated ATRA/ATO with a median follow-up of 70
months. Eighty patients (94.1%) entered complete remission (CR).
Kaplan–Meier estimates of the 5-year event-free survival (EFS) and
overall survival (OS) for all patients were 89.2% � 3.4% and 91.7% �

3.0%, respectively, and the 5-year relapse-free survival (RFS) and
OS for patients who achieved CR (n � 80) were 94.8% � 2.5% and
97.4% � 1.8%, respectively. Upon ATRA/ATO, prognosis was not
influenced by initial white blood cell count, distinct PML-RAR�
types, or FLT3 mutations. The toxicity profile was mild and revers-
ible. No secondary carcinoma was observed, and 24 months after
the last dose of ATRA/ATO, patients had urine arsenic concentra-
tions well below the safety limit. These results demonstrate the
high efficacy and minimal toxicity of ATRA/ATO treatment for
newly diagnosed APL in long-term follow-up, suggesting a poten-
tial frontline therapy for de novo APL.

combination therapy � 5-year EFS � 5-year OS � residual disease �
arsenic retention

Acute promyelocytic leukemia (APL) is the M3 subtype of
acute myeloid leukemia (AML) and is characterized by an

accumulation of abnormal promyelocytes in the bone marrow and
a severe bleeding tendency. Additionally, in the great majority of
cases, APL is associated with the t(15,17) chromosomal transloca-
tion and resultant PML-RAR� transcripts that encode the leuke-
mogenic PML-RAR� fusion protein (1). Five decades ago, APL
was the most fatal type of acute leukemia and was considered
essentially untreatable (2). The first breakthrough came with the
use of anthracyclines, which improved the complete remission (CR)
rate but provided a low 5-year overall survival (OS) (3). The
introduction of all-trans retinoic acid (ATRA) therapy resulted in
terminal differentiation of APL cells and a 90–95% CR rate in
patients (1, 4), and subsequent combination of ATRA with che-
motherapy raised the 5-year disease-free survival (DFS) rate up to
74% (5). In the 1990s, significant benefits of arsenic trioxide (ATO)
were reported, which further improved the outcome of patients
with APL (6, 7). ATO exerts dose-dependent dual effects on APL
cells, with low concentrations inducing partial differentiation and
relatively high concentrations triggering apoptosis. Of note, both
ATRA and ATO induce catabolism of the PML-RAR� fusion
protein, demonstrating a paradigm for rationally targeted therapy
in leukemia. However, between 20% and 30% of newly diagnosed
APL patients treated with regimens based on the use of ATRA or
ATO as single agents will develop disease recurrence or drug
resistance.

To improve further the clinical outcome of APL, therapeutic
strategies should be designed to include combinatorial use of drugs
with distinct but convergent mechanisms that may amplify treat-
ment efficacies and diminish adverse effects. A striking conver-
gence in the effects of ATRA and ATO is the degradation of
PML-RAR� through distinct pathways, with ATRA targeting the
RAR� and ATO targeting the PML moieties of the fusion protein
(8–10). Interestingly, ATRA has been shown to up-regulate the
gene encoding transmembrane protein aquaglyceroporin 9 (AQP9),
leading to a significantly increased arsenic uptake by leukemic cells
(11), and combined use of ATRA and ATO synergizes to induce
differentiation, apoptosis, and transcriptome/proteome pattern in
vitro (12, 13) and accelerate tumor regression through enhanced
differentiation and apoptosis in vivo (14, 15). These were the
impetus for a clinical trial to test the efficacy of ATRA plus ATO
in newly diagnosed APL. In a previous study with a median
follow-up of 18 months, we randomized patients to receive either
ATRA or ATO singly, or ATRA/ATO-based regimens incorpo-
rating chemotherapy treatment as a frontline therapy for new APL
cases. We showed that the ATRA/ATO combination significantly
shortened the time to achieve CR, reduced disease burden, and
enhanced DFS compared with approaches based on the use of
either ATRA or ATO as single agents (16). These benefits of the
ATRA/ATO-based combination were subsequently confirmed by
several groups (17–19). Being aware of these advances, APL
patients entering into our clinical trials preferred ATRA/ATO-
based treatment to gain maximal therapeutic efficacy. Therefore,
for obvious ethical reasons, since early 2004 all newly diagnosed
patients have been treated with the ATRA/ATO combination
regimen.

The sustainability of the effects of the ATRA/ATO combination
as a basis for frontline therapy of APL patients, however, remained
unclear. Furthermore, the potential eventual long-term sequelae
due to the incorporation of ATO into the therapeutic strategy for
new APL cases represented major concerns. To characterize the
long-term efficacy, safety, tolerability, and pharmacological fea-
tures of ATO in our regimen, we followed 85 APL patients who
received ATRA/ATO combination therapy for 7 years. Addition-
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ally, we present the results of an analysis of prognostic factors in
APL.

Results
Accrual of Patients. From April 2001 to December 2005, 85 newly
diagnosed APL patients without prior exposure to any antileukemic
therapy were recruited with informed consent to the study. The
diagnosis of APL was established according to the clinical presen-
tation and morphological criteria of the French-American-British
classification and was confirmed by cytogenetic assay for
t(15;17)(q22;q21) and RT-PCR analysis for PML-RAR� transcripts
(16). The characteristics of the patients are shown in supporting
information (SI) Table S1.

Clinical Outcome. Treatment regimens were designed in 2000, and
the clinical trial was started in 2001 with 3 arms: ATRA alone, ATO
alone, and ATRA/ATO combination, as selective differentiation/
apoptosis induction therapies together with chemotherapy during
remission induction and postremission therapy. The detailed infor-
mation with regard to the dose, time course, interval, and overall
regimen design of ATRA, ATO, and chemotherapy during remis-
sion induction, consolidation and maintenance therapy has been
described previously (16). The benefits of combining ATRA with
ATO for newly diagnosed APL, which were statistically significant
over a median follow-up of 18 months in our trial, were published
in 2004 (16) and got support from some recent reports (18, 19), and

patients who thereafter entered the trial requested this treatment
regimen. As a result of a meticulous evaluation of our trial in terms
of both clinical outcome and ethics, we terminated the randomized
grouping and prescribed the ATRA/ATO-based regimen for in-
duction and postremission therapy for the maximal benefit of
patients. With ATRA/ATO treatment, 80 (94.1%) of 85 patients
achieved CR with a median of 27 days (range, 15–38 days). Five
patients suffered from early deaths within 15 days during the
induction therapy due to intracranial hemorrhage (3 cases), retinoic
acid syndrome (1 case), or disseminated intravascular coagulation
(1 case). In 71 evaluable responders, a rapid normalization of
coagulopathy with a median of 6 days (range, 1–24 days) was
observed.

For the 80 patients who entered CR, the median follow-up was
70 months (range, 21–88 months), and 76 remained in good clinical
remission. Only 4 patients relapsed, and all presented with central
nervous system (CNS) leukemia as the first sign of relapse: 2
patients experienced severe headache and died subsequently at 30
and 27 months, respectively, after CR with documented abnormal
CNS test, whereas the other 2 patients had documented CNS
leukemia 8 and 39 months, respectively, after CR and then devel-
oped full bone marrow relapse 29 and 23 months later, respectively.
As shown in Fig. 1, the 5-year OS rates for all 85 patients and for
those who achieved CR (n � 80) were 91.7% � 3.0% (Fig. 1A) and
97.4% � 1.8% (Fig. 1C), respectively. The 5-year event-free sur-
vival (EFS) rates for all patients were 89.2% � 3.4% (Fig. 1B), and

Fig. 1. Survival analysis. The 5-year OS (A) and EFS (B) for all 85 patients treated with the ATRA/ATO combination. The 5-year OS (C) and RFS (D) for the 80 patients
who obtained CR after ATRA/ATO treatment.
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5-year relapse-free survival (RFS) rates for those who entered CR
were 94.8% � 2.5% (Fig. 1D).

Prognostic Factors. The response to the ATRA/ATO-based regimen
was not influenced by sex, age, and type of PML-RAR� transcript
(Table S1). Previous reports suggested a white blood cell (WBC)
count of 10 � 109/L (10,000/�L) and higher as an adverse prog-
nostic factor in APL (20, 21), but analyses carried out here showed
that patients with WBC counts above or below 10 � 109/L had
equivalent CR rates (Table S1). Previous studies have shown that
the presence of FLT3 mutation was an adverse prognostic factor for
AML (22–24), including APL (25), whereas others reported that
mutant FLT3 did not correlate with prognosis of APL (22) and was
not an indicator for stem cell transplantation in AML (excluding
APL) (24). Also shown in Table S1, our results indicate that status
of FLT3 did not, in the context of our therapeutic approach,
correlate with low CR rates in patients receiving ATRA/ATO. We
further analyzed the influence of these factors on long-term survival
and found that either traditional parameters for unfavorable prog-
nosis, such as age over 55 years and WBC count above 10 � 109/L
before the treatment or molecular markers including distinct iso-
forms of PML-RAR� and FLT3, were not significantly associated
with worse OS or RFS (Table S1).

Molecular Response. To monitor residual disease, real-time quan-
titative RT-PCR was performed for PML-RAR� transcript levels in

serial bone marrow samples of 31 eligible patients as described
previously (16). We found that the expression of PML-RAR� in
these patient samples was high at diagnosis, significantly decreased
(more than 2-log reduction on average) after induction therapy, and
further reduced at the end of consolidation therapy using chemo-
therapy, with an average 5-log reduction (Fig. 2A). Importantly,
during maintenance therapy and throughout follow-up, those pa-
tients in continuous remission displayed consistently low or unde-
tectable levels of PML-RAR� (�5-log reduction; Fig. 2A). In 2
cases, the expression of PML-RAR� was significantly reduced at the
end of consolidation but elevated markedly when disease relapsed
in the CNS and/or bone marrow (Fig. 2B).

FLT3 mutations, including internal tandem duplications (ITDs)
and D835 point mutations (PMs), also were monitored among
evaluable patients. For the results to be comparable, the sensitivity
of the method for assaying the transcripts of both PML-RAR� and
mutant FLT3 was carefully adjusted to similar levels (10�4). At
diagnosis, 10 (20%) of 50 investigated patients harbored FLT3
abnormalities (8 ITDs and 2 PMs). Interestingly, the FLT3 muta-
tion could no longer be detected at an early stage of CR (1 month),
whereas PML-RAR� became undetectable after 4 to 5 months, a
relatively late stage of CR (Fig. 2C), suggesting that mutant FLT3
was not an adverse indicator for poor prognosis for APL with
ATRA/ATO-based therapy, which was further confirmed by the
outcome in patients with long-term follow-up (Table S1).

Consistent with a previous in vitro study that suggested that
ATRA could facilitate arsenic uptake by HL60 leukemic cells
through up-regulation of AQP9 (11), we found that treatment with
ATRA up-regulated AQP9 expression in NB4 cells (Fig. 3A).
Semiquantitative RT-PCR was performed to analyze the dynamics
of AQP9 expression in 8 patients, and expression of AQP9 was
found to be low at diagnosis, was markedly increased when patients
received ATRA/ATO, and was maintained at a relatively high level
or decreased when patients underwent consolidation chemotherapy
(Fig. 3 B and C).

Toxicity Profile in Long-Term Survivors. Apart from the 5 early deaths
recorded during remission induction and 3 deaths due to disease
relapse in CNS or bone marrow, there were no further deaths in this
study. During remission induction, 55 of 73 evaluable patients
developed tolerable and reversible grade I-II liver dysfunction,
whereas no grade III-IV liver toxicity was observed. Moreover,
hepatic function returned to normal in all of these patients after
termination of induction therapy. One of the potential safety issues
associated with our treatment regimen was long-term toxicity

Fig. 2. DynamicsofPML-RAR�andFLT3 ITD inpatients treatedwithATRA/ATO.
(A) In patients who maintained continuous clinical remission, the PML-RAR�

transcript level was significantly decreased during the treatment and throughout
thefollow-up. (B) In2patientswhoexperiencedrelapse, thePML-RAR� transcript
became increased when disease relapse was documented either in CNS or bone
marrow. (C) Monitoring of PML-RAR� and FLT3 ITD in patients treated with
ATRA/ATO at different time courses. End of conso indicates end of consolidation
chemotherapy; D, diagnosis..

Fig. 3. Effects of ATRA/ATO combination on expression of AQP9. (A) In NB4
cells, AQP9 expression was significantly up-regulated after treatment with ATRA/
ATO. (B) Expression of AQP9 in bone marrow mononuclear cells isolated from
patients on ATRA/ATO treatment in 3 patients (P1–P3). (C) Dynamic changes of
AQP9 expression in 8 patients (P1–P8) treated with ATRA/ATO-based regimen. D
indicates diagnosis; CS, consolidation therapy.
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linked to exposure to multiple cycles of ATO. To evaluate this, we
performed systemic physical examination and laboratory studies to
screen for possible toxic effects in 33 eligible patients when they
were being treated with ATRA/ATO and at least 24 months after
administration of the last dose of ATO. The tests performed were
as follows: blood counts with peripheral smears, electrolyte panels
with blood urea nitrogen and creatinine, urinalysis, liver function
test, evaluation of serum tumor markers (CEA, �-FP, CA199,
CA125), electrocardiograms (ECGs) and echocardiograms, chest
X-ray, dermatologic consultations, neurologic consultations, and
nerve conduction velocity to test peripheral neurologic symptoms
as necessary. Careful evaluation at final follow-up showed that all
of these patients were in generally good condition and presented no
skin lesions (hyperpigmentation and hyperkeratosis). Only 1 case of
mild anemia with a hemoglobin level of 98 g/L and another case
with a decreased WBC count at 3.2 � 109/L were documented.
There were no abnormal ECGs and echocardiograms that might be
associated with the long-term toxicity of ATO, and chest X-rays
were negative in all cases. Serum tumor marker screening revealed
mildly increased levels of CEA in one male and CA125 in a female
patient, but no tumors were detected in either of the 2 cases after
thorough screening. In further follow-up, CEA and CA125 levels
returned to normal. In general, the results of laboratory study and
examination were comparable between patients and healthy do-
nors, as shown in Table S2.

Evaluation of Arsenic Retention After Cessation of ATRA/ATO Treat-
ment. Another concern surrounding the use of ATO was arsenic
retention. We collected plasma and urine samples to assess the

concentration of residual arsenic in 33 eligible long-term survivors
who had ceased arsenic treatment more than 24 months prior.
Samples from 40 healthy controls (including family members of
patients) and 7 patients with APL undergoing ATO treatment were
used as controls. When patients were receiving ATO, the plasma
arsenic content was high (49.3 � 13.0 ng/mL), but when treatment
was terminated, the plasma arsenic concentration in APL patients
drastically decreased to 26.4 � 2.1 ng/mL. This was, however, still
somewhat higher than the levels found in healthy controls (18.4 �
6.0 ng/mL; Fig. 4A). The urine arsenic concentration also was high
(330.2 � 232.1 ng/mL) when patients were receiving ATRA/ATO,
but it was significantly decreased when treatment was ceased
(10.4 � 7.4 ng/mL). Again, this concentration remained higher than
that found in healthy controls (4.2 � 1.6 ng/mL; Fig. 4B). Of note,
because of a short half-life of arsenic in plasma, its level generally
is not used as a marker to monitor arsenic exposure and chronic
toxicity. The urine arsenic levels in long-term survivors were below
the Standard of Diagnosis for Endemic Arsenism (90 �g/L) set by
the Ministry of Health of China and below the safety limit of 200
�g/L recommended by the U.S. Agency for Toxic Substances and
Disease Registry (26, 27). These levels also were within the normal
range of 36–541 nmol/L (range, 2.7–40.6 �g/L) set by the Trace
Element Reference Values in Human Tissues project (28). Finally,
the nail (Fig. 4C) and hair (Fig. 4D) arsenic contents in these
patients (reflecting the long-term exposure and in vivo accumula-
tion of arsenic) were 0.8–5.2 �g/g and 0.4–4.5 �g/g, respectively,
which were only slightly higher than the levels in healthy controls
(range 0.6–1.3 �g/g and 0.2–3.5 �g/g, respectively; Fig. 4 C and D).

Fig. 4. Study on pharmacological features: arsenic concentration in plasma (A), urine (B), nails (C), and hair (D) in different patient groups. (A) The plasma arsenic
concentrationsof theoff-ATOgroupwereconsiderably lower thanthoseof theon-ATOtreatmentgroup(P�0.001),albeit statistically significantlyhigher thannormal
(P � 0.001). (B) Urine arsenic concentrations of the off-ATO group were also lower than those of the ATO treatment group (P � 0.0002) but higher than normal (P �
0.0001). (C and D) Arsenic concentrations in nails and hair of the off-ATO group compared with normal (P � 0.011 and 0.014, respectively). On ATO indicates patients
with ongoing ATO treatment; Off ATO, patients treated with ATRA/ATO-based regimen who were at least 24 months off the ATO treatment; Normal, control samples
from healthy family members of patients or unrelated healthy blood donors.
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Discussion
A synergistic therapeutic effect with ATRA/ATO-based com-
bination treatment for newly diagnosed APL (16, 18, 19, 29, 30)
and for those cases in first recurrence (17) has been documented
in short-term studies. Here, we report that in 85 de novo patients
with a median follow-up of 70 months, CR was achieved in 80
cases (94.1%), whereas the 5-year EFS and OS rates were 89.2%
� 3.4% and 91.7 � 3%, respectively, for all patients. For patients
who achieved CR (n � 80), the 5-year RFS and OS rates were
94.8% � 2.5% and 97.4% � 1.8%, respectively. These are
consistent with recent studies (31–33) and demonstrate a better
long-term outcome with the ATRA/ATO-based regimen in
induction or consolidation than with that obtained using the
ATRA-based regimen in our own group or reported by many
others (1). More interestingly, Estey et al. (18) reported a major
benefit for the combination of ATO and ATRA with minimal or
even without chemotherapy in the treatment of low-risk APL
patients. Although trials with larger number of cases still need
to be conducted, ATRA/ATO combination approach could be
considered as a potential frontline therapy for de novo APL.

The chimeric PML-RAR� protein has been shown to play a key
role in the pathogenesis of APL through interaction with nuclear
receptor corepressors, with abnormally high affinity leading to
deacetylation of histones and transcription repression of RAR�
target genes (34). In addition, we previously (16, 35, 36) showed that
quantitative assay of PML-RAR� fusion transcripts represents a
specific and sensitive marker for disease burden. In this current
study, we demonstrate a rapid reduction in the level of PML-RAR�
fusion transcripts when patients received ATRA/ATO treatment,
as well as recurrence of PML-RAR� transcripts when disease
relapsed in 2 cases (Fig. 2 A and B). It is obvious that FLT3 mutation
is not an adverse indicator in the context of our therapeutic
approach, because the status of FLT3 did not affect the response
and long-term outcome (Table S1), and mutant FLT3 transcripts
become negative before the PML-RAR� marker (Fig. 2C). Studies
show that AQP9 controls arsenic transportation and may determine
ATO sensitivity (11, 37). In HL-60 and K562 cells, ATRA up-
regulated AQP9 expression, facilitated arsenic uptake, and sensi-
tized the cells to ATO. In NB4 cells, we found that ATRA
treatment led to significant up-regulation of AQP9 (Fig. 3A). In de
novo APL patients, the expression of AQP9 in bone marrow
mononuclear cells was relatively low at diagnosis (Fig. 3 B and C).
Interestingly, AQP9 was markedly up-regulated when patients
received ATRA/ATO treatment (Fig. 3 B and C). In a previous
study testing the efficacy of ATRA/ATO in relapsed APL, Raffoux
et al. (38) showed that patients receiving ATRA/ATO had a lower
serum arsenic concentration compared with those who received
ATO alone. These results suggested that ATRA-triggered AQP9
up-regulation might contribute to enhanced arsenic uptake by
leukemic cells, which could be related to the mild toxicity and high
therapeutic efficacy, and induced expression of AQP9 might play an
important role in effects of ATRA/ATO on APL cells. Of course,
the precise mechanisms of action of ATRA/ATO on AQP9 warrant
investigation.

The therapeutic benefit of ATRA/ATO use in relapsed APL
has been described previously in some case reports (39–41), but
in a randomized study in which only 10 cases were treated with
ATRA/ATO, the combination regimen failed to induce any
synergistic effect (38). Hence, additional trials with a larger
sample size are warranted before any conclusion can be drawn.
Furthermore, it should be clarified whether the loss of synergistic
effect in relapsed APL could be due to the development of
ATRA resistance.

Although the ATRA/ATO combination therapy yielded a
remarkable improvement in the survival rate, there were 5
patients who died early because of intracranial hemorrhage and
disseminated intravascular coagulation in the induction therapy,

necessitating the development of effective measures to prevent or
control this lethal complication. Additionally, although the combi-
nation regimen significantly decreased the incidence of bone mar-
row relapse, the incidence of CNS relapse remains a challenge,
probably because of the relatively poor entry of the drugs through
the blood–brain barrier (42–44). Because CNS leukemia may be
accompanied or preceded by resurgence of the PML-RAR� tran-
script level, intrathecal prophylactics should be considered in the
future, with closer monitoring of this specific disease marker.

The long-term therapeutic benefit of ATO as a single agent for
the treatment of APL has been reported previously (45, 46), and
we show here that incorporation of ATRA drastically enhances
its efficacy. On the other hand, ATO use as a single agent causes
only minimal toxicity, including gastrointestinal reactions, grade
I-II hepatotoxicity, neurotoxicity, and mildly abnormal ECG.
Reversible grade III-IV hepatotoxicity was seen in a small
proportion of patients (45, 46). Interestingly, Wang et al. (19)
reported that the ATO/ATRA combination is less toxic when
compared with the use of ATO or ATRA alone. Our results are
consistent with this observation, because no severe side effects,
including grade III-IV hepatotoxicity or cardiac dysfunction,
were documented. Carcinogenesis is a major concern associated
with long-term exposure to arsenic, but we found no cases that
developed secondary tumors, such as skin cancer, although
transiently 1 male tested positive for CEA, and a mild, unsus-
tained increase in CA125 in a female patient was recorded.
Moreover, arsenic concentrations in the urine of patients who
had ceased ATRA/ATO treatment for 24 months were below the
safety limits recommended by government agencies in several
countries or regions (Fig. 4B), whereas arsenic levels in plasma,
nails, and hair were only slightly higher than those found in
healthy controls (Fig. 4 A, C, and D).

In summary, we report here that the ATRA/ATO-based treat-
ment regimen incorporating chemotherapy for both remission
induction and postremission therapy for newly diagnosed APL
yields an encouraging long-term survival rate greater than 90%
with alleviated side effects, and thus reinforces its potential use as
frontline therapy for de novo APL.

Methods
Patients and Treatment Protocols. Between April 2001 and December 2005, the
dates when the first and final patients were included in the study, 85 patients
with newly diagnosed APL were seen, with the diagnosis requiring cytogenetic
assay for t(15;17)(q22;q21) and/or RT-PCR evidence of the PML-RAR� rearrange-
ment (6). The clinical features of patients are described in Table S1. Informed
consent was obtained from all patients entering into this study. All patients
received ATRA/ATO combination and previously described chemotherapy pro-
tocols primarily for postremission consolidation and maintenance therapy (16).
Briefly, for induction therapy, patients received ATRA and ATO daily until doc-
umentationofCR,whereaspatientswhopresentedwithWBCcountshigherthan
10 � 109/L before or during the ATRA/ATO treatment also received additional
chemotherapy to control the hyperleukocytosis. After achieving CR, all patients
weregiven3coursesofconsolidationtherapy, includingdaunorubicinplusAra-C,
Ara-C ‘‘pulse’’ regimen, and homoharringtonine plus Ara-C regimen. The main-
tenance treatments consisted of 5 cycles of sequential use of ATRA, ATO, and
low-dose chemotherapy. In the instances of relapse, ATRA/ATO or chemotherapy
was given (16). CR, relapse, RFS, and EFS were defined according to criteria
recommended by the International Working Group (47).

Detection of PML-RAR� Fusion Transcripts and Analysis of FLT3 Mutation. Bone
marrowsampleswerecollectedatdiagnosis,after remission induction,at theend
of consolidation, and throughout the maintenance therapy. Total RNA from
mononuclear cells was extracted by using TRIzol LS reagent (Invitrogen). Regular
RT-PCR of 3 distinct [long (L), short (S), and variant (V)] types of PML-RAR�

transcripts and quantitative real-time RT-PCR were analyzed as described previ-
ously (16) by using GAPDH as a control.

The screening of FLT3 mutations was performed based on amplification of the
full-length FLT3 gene by RT-PCR, and then the PCR products were purified and
sequenced on an ABI Prism 3700 DNA Analyzer using a BigDye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems) (48).
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Analysis of Arsenic Concentration and Quantification of AQP9 Gene Expression.
Plasma, urine, hair (from the nape of the head near the scalp), and tips of
fingernail were collected in patients who had terminated the treatment for at
least 24 months. All samples were sealed separately in labeled polyethylene
Ziploc bags (hair and nails) or frozen (urine and blood) at �20 °C until further
processing. The arsenic concentrations were measured as described previously (9,
37). AQP9 expression was quantified by semiquantitative RT-PCR as previously
described (39).

Statistical Analysis. OS, EFS, and RFS were estimated according to the Kaplan–
Meier method. The comparison of arsenic concentration between groups of

patients off ATO and on ATO or healthy controls was performed by the Student’s
t test, and all statistical analyses were performed by using SPSS 12.0 for Windows.
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